There is a diverse group of hydrocarbons that induce a specific spectrum of nephropathic alterations. Examples include decalin, an alicyclic hydrocarbon; JP5 jet fuel, a mixture of C,,-,, straight and branched chain hydrocarbons; C,,,, isoparaffnic hydrocarbons; Stoddard solvent, a mixture of straight and branchedchain paraffins, naphthenes, and alkyl aromatic hydrocarbons; 2,2,4-trimethylpentane, a branched chain hydrocarbon and d-limoncne, an aromatic hydrocarbon. Only male rats develop kidney alterations upon exposure to these chemicals. Other mammals such as female rats, mice, guinea pigs, dogs, and monkeys evidently are refractory to kidney injury upon exposure. The primary effect of decalin is to specifically exacerbate the accumulation of alpha,,-globulin, a unique protein occurring spontaneously in proximal convoluted tubular epithelial cells only in the mature male rat. Thus, the male rat hydrocarbon nephropathy should not be predictive of a normal human renal response.
INTRODUCTION
There is a diverse group of hydrocarbons that induce a specific spectrum of nephropathic alterations. Examples include decalin, an alicyclic hydrocarbon; JP5 jet fuel, a mixture of Cl,-,, straight and branched chain hydrocarbons; C,,, , isoparaffink hydrocarbons; Stoddard solvent, a mixture of straight and branched-chain paraffins, naphthenes, and alkyl aromatic hydrocarbons; 2,2,4-trimethyl pentane, a branched chain hydrocarbon and d-limonene, an aromatic hydrocarbon (4-6, 12, 14, 18) . Only male rats develop kidney alterations upon exposure to these chemicals. Other mammals such as female rats, mice, guinea pigs, dogs, and monkeys evidently are refractory to kidney injury upon exposure.
DECALIN TOXICITY
Using decalin as our model compound we have demonstrated that the nephrotoxic response is characterized by a specific triad of interrelated lesions including exacerbation of hyaline droplet formation as the primary change ( Fig. l) , development ofgranularcasts as a sequelae, and finally chronic nephrosis as a consequence of granular cast formation obstructing the nephron (7). Ultrastructurally, the primary renal alteration is an increase in size and in- Biochemically the primary alteration in renal cortex is recognized as an increase in a protein recognized as alpha,,-globulin. This protein increase occurs in the lysosomal fraction ofrenal cortical tissue. Immunohistochemical confirmation of the hyaline droplet composition as alpha,-globulin has been accomplished (8).
MALE RAT PROXIMAL TUBULE UNIQUENESS
We have recognized proximal convoluted tubule cell uniqueness of the male rat in contrast to female rats and other laboratory mammals and humans. The normal mature male rat has anatomic, physiologic, and biochemical peculiarities in low molecular weight protein handling, evidenced by light microscopic occurrence of hyaline droplets, ultrastructural occurrence of large crystalloid phagolysosomal inclusions, and biochemically by alpha,,globulin accumulation (that is, the hyaline droplet) (8, 11).
Alpha,,-globulin is a low molecular weight protein (18-20,000 daltons) with a varying isoelectric point that is secreted by the liver of the male rat synergistically under the influence of testosterone and endogenous cortisone. Alpha,,-globulin is not found in humans, in immature male rats, or female rats by 2-dimensional gel electrophoretic separation. This protein is presumed to have a role as a pheromone (9, 15, 16 rat kidney in this respect resembles male reptiles during breeding season (2).
PREDICrXVENESS FOR HUhfANS
Thus, we have demonstrated that the normal male rat uniquely accumulates a low molecular weight protein and that the primary effect of decalin is to specifically exacerbate this accumulation. We interpret this as cvidence that the male rat nephropathy should not be predictive of a normal human renal response (8).
Additionally, we arc considering abnormal human subpopulations. In this regard proteinuric humans and humans with low molecular weight protein nephropathy are relevant subpopulations. Proteinuric humans represent a significantly large subpopulation. Most of these proteinurics are evidenced by albuminuria in individuals with glomerular injury (1 , 13) . The male rat is proteinuric compared to the female rat with over a two-fold increase in glomerular filtrate protein. This normal rat proteinuria is a consequence of alpha,,-globulin excretion by the kidney.
However, preliminary evidence suggests that proteinuria per se is not a prerequisite factor in decalin susceptibility in that the proteinic accumulation is exclusively alpha,,-globulin. Albumin also occurs in male rat glomerular filtrate as do multiple other low molecular weight proteins, which are not unique to the male rat compared to humans. However, these other proteins do not participate in thc decalin nephropathy (8).
Further evidencc that proteinuria per se does not influence decalin susceptibility was developed by inducing glomerular injury with puromycin aminonucleoside with resultant albuminuria (1 8). This regimen in the male rat did not modulatc decalin exacerbated hyaline droplet formation. Thus, we conclude that albuminuric humans should not be susceptible to decalin nephropathy.
Low molecular weight protein nephropathy, although quite uncommon, occurs in people with multiple myeloma (Bence-Jones protein) and with mononuclear cell leukemia (lysozyme). These patients develop renal injury that is morphologically similar to the decalin-associated male rat nephropathy. Bence-Jones protein and lysozymc rcpresent quantitatively abnormal glomerular filtrate proteins in contrast to the normal abundant occurrence of alpha,,-globulin in male rat glomerular filtrate. We 1.
2.
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arc in the process of establishing whether this subpopulation of humans might be susceptible to decalin.
MECHANIShi OF MALE RAT INJURY '
Mechanisticallly the reason for exacerbated renal alpha,,-globulin accumulation has not been confirmed. Three interrelated possibilities cxist, however, including increased production, increased reabsorption, or impaired catabolism. Preliminary studies indicate that increased production is not a factor in the exacerbated accumulation. Although increased reabsorption is theoretically a potential mechanism, since 40% of alpha,,-globulin glomerular filtrate is excreted in the urine, this mechanism has no precedent and is conceptually unlikely. The best explanation for this exacerbated accumulation, based on current understanding, is that alpha,,globulin and decalin or its metabolites bind in the lysosome, further impairing hydrolysis. Alpha,,globulin is poorly catabolized, accounting for its spontaneous accumulation. Workers at the Chemical Industry Institute of Toxicology have demonstrated that T M P (their model compound in unique male rat nephropathy studies) accumulates in renal cortex and binds alpha,,-globulin. The specificity of this response induced by a diverse group of chernicals may be predicated on a common stereo-chemical moiety or binding site for alpha,,-globulin. One should also be aware of the fact that chemicals inducing this specific triad of renal lesions, if dosed chronically, may lead to low incidence of tubular tumors, again only in the male rat (3, 10).
